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I   IiNl'lHOÜUC'IIOlNi 

This is the final engineering report of the Angle of Site 

Feasibility Study. Mo3t of the conclusions and recommendations 

were pointed out in the Interim report of January I96I (a copy 

of which is attached). This final engineering report will augment 

the conclusions and recommendations contained in the interim report, 

II  CONCLUSIONS 

A. Correction for the error due tc neglect of an^le of site 

is feasible, and ? correction equation can be formulated to accom- 

modate most ammunitions. 

B. Instrumentation of this correct*on can be made simply and 

for a^comparatively small cost. 

C. Inasmuch as the XM6 Cor.pater was designed to perform 

with an overall accuracy c.2 mil, optimum operation can never be 

attained unless some correction is male for the angle of site 

error.  By co...parinj fi ure 1 to figure 2, it is s.-.ovn that the 

error is reduced by a factor of greater tr.an 10. The maximum 

error remaining aft'er correction is seen tu be 0,13 mil as compared 

to an error of gr ater than 2.C mils without correction. 

Referring to fi;jure 2, t;.e error has actually bee:, over- 

corrected.  This i.:- a function of the constant "K" term in the 

correction equation.  At the time- this particular "Kn tens was 

chosen, the 'iOOO-yard error- were being consi lered for correction 

as well as the 1000-, 2000-, and ^COC-yard: range errors.  Since 

the ^OO-yari range is beyond the area of interest and is to be 

disregarded, a new "K" term could be chosen which would furtner 

minimize the remoinin^ frrors after correction for the three 

ranges concerned. 



Ill RBCOiKlNDATIOUS 

A.. The correction equation described in the interim report 

and referred tc in the conclusions of this report applies directly 

to the two ammunitions studied, riEAT-T-300 and AFDS-T-392.  A 

request for additional funds has been made and is recommended now 

in order that additional ammunitions may be studied.  A family 

of ballistic curves could be generated, and from this data the 

present correction equation couli be modified so as tc be appli- 

cable to all ammunitions involved. 

B.  It is further recommended that 3. simple pendulous device, 

which would generate this correction, be designed and built for 

mechanisation into the computer. 
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INTRODUCTION 

Ballistic Computer XMlo lias been designed to calculate 

superelevation for targets located at the same altitude reference 

as the tank.  The computer Is provided with data representing 

slant range to a target * and, through the mechanization of the 

zero height of target relationships between superelevation and 

range, calculates the appropriate superelevation.  Incidental oo 

this investigation, it should be noted that the computer does 

correct for many exterior ballistic effects such as cant, drift, 

gun droop, jump, and wear of the gun tube.  Since the pnly 

mechanized factors are those pertaining to zero height of target, 

the computer does not recognize those situations in which the 

target and tank are at different altitude references. 

At present, therefore, 'the method used to arrive at the 

desired firing angle is to treat the situation as if the target 

were at the same height as the tank.  The rangefinder is used .to 

determine slant range to the target by elevating it by the angle- 

of-site.  The periscope is used to determine angle of site by 

sighting on target.* As the periscope is eievated (for positive 

differences between target and tank) the gun Is simultaneously 

elevated through hydraulic power drives.  At such time as the 

computer is energized, the periscope and range finder are auto- 

matically depressed by the ballistic drive shaft an amount 

equivalent to the firing table value of superelevation.  Sub- 

sequently, the operator In conjunction with the Cadillac gauge 

superelevation, returns the periscope to the line of site.  In 

doing this, the gun Is raised by the amount of superelevation. 



Final position of the gun tube Is, therefore, angle of site plus 

firing table superelevation.  This procedure outlined above re- 

sults in certain discreet errors since the assumption is made that 

the trajectory is rigid and, therefore, does not take into account 

the required changes in the trajectory due to the angle of site. 

The purpose of this investigation is to determine the extent of 

these erroi-3 for one of the important future ammunitions to be 

used with the 105rcm- gun tube in the MGO tank and a typical amrau- 

•nition used with the 90mm gun tube in the M48 tank.  In addition 

a recommended method for reducing these errors will be made if 

the error is significant.  The ammunitions considered are the 

APDS -T,392 for the 105mm gun tube and the HEAT-T-300 (E54) for 

the 90mm gun tube. 

I 

I 
INITIAL INVESTIGATION 

The initial investigation into the extent of  errors caused 

by the nonrigidity of the trajectory was accomplished by examin- 

ing 'results obtained with the present method of instrumentation 

and comparing them with computed did-hit.values of gun elevation 

for various ranges of the parameters range and height.  Values 

of gun elevation for ranges of 1000, 2000, 3000, and 4000 yards 

and for height variations of -700 to at least 1000 yards as deter- 

mined for the HEAT ammunition are shown in table 2.  In the case 

of the AfDS ammunition, the .al;es of complementary angle of site 

were found.  Oomplementary angle of site is that angle which 

corrects for the nonrigidity of the trajectory.  Table 1 presents 

these values for the APES ammunition, and from this it is evident 

that the errors encountered within the band of interest are small 

enough to be neglected. 



Errors encountered with the HEAT ammunition as indicated in 

table o  and figure 1 are sufficiently large to warrant a detailed 

Investigation into methods of error reduction. 

DETAILED INVESTIGATION 

The premise, that a practical method for correcting the 

error due to angle of site is necessary, eliminates the possibility 

of mechanizing the error as a function of range and height.  It 

is evident that instrumentation of the error as a function of 

range and height would in essence involve the mechanisation of 

the entire ballistic surface of interest. 

The inyestlgation of a possible method of correcting for 

angle of site was conducted with the premise that a practical 

and easily adaptable solution is required.  3y analysis of.super- 

elevation at Its extreme values, it can be seen that for a. 

target located at zero height the angle of site is zero and-the 

superelevation as provided by the computer is correct.  At the 

other extreme, that is for a target located ninety degrees from 

the horizontal, the angle of site is ninety degrees and any 

deviation from this angle would result in error.  This analysis 

of total gun elevation in its extreme positions led to the initial 

approximation of total gun elevation to be Eo Cos (^+-S, where Eo 

is zero height elevation associated with slant range and S is 

angle of site.  This function is seen to be correct in the 

extreme cases as described above, since Cos S is zero when angle 

of site is ninety degrees and unity when angle of site is zero. 

'The effectiveness of this function as a correction factor was 

noticeable but the error remaining was still significant. 



It was next found that by using the expression Eo Cos (E0+S)+S 

we could more closely approximate the function for' total elevation. 

Comparing the values of this function (table 6) with the values for 

true total elevation (table 2) resulted in errors remaining as in- 

dicated In  table 7 and figure 2.  As can be seen, the errors were 

still significant in cases where range and height,parameters were 

large. 

We next assumed that there exists a factor K such that 

£ = E0 cos (EO+S+K).  This quantity was evaluated 

(K = Cos"- (w~") - Ec-S) ana although not a constant, it was found 

that by the insertion of a value of K -  3° into the cosine formula, 

we could further reduce the error remaining to a point well within 

the realm of error of the computer.  'The values for E = E0 Cos 

(E0 + S + K) can be seen in table 8 and comparison of these values 

with the "did-hlt" values of table 2 indicated errors still remain- 

ing as shown in-table 9 and figure 3.  Figure 4 is an expanded 

version of figure 3 iri which remaining errors may be more closely 

examined. 

It should be noted finally that for the primary area of 

interest (i.e., ranges of 500 to 3000 yards and heights of -400 to 

1000 yards) the maximum error remaining after correction is 0.2 

mils as compared to an error of over 2.0 mils without correction. 

It is recommended, therefore, that the function EQ Cos (E0+S+3°) 

be instrumented as a method of correction.  Further study should 

be made to investigate the optimum corrective equation for the 

various tank ammos. 

CONCLUSION 

At present the best possible and most practical method of 

mechanizing a function similar to the above is beLng studied. 
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Table L 

Table 2 

Table 3 

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

Table 9 

INDEX OF TABLES 

Ammunitions  APDS-T-392 
Complementary Angle-of-Site 

Ammunition: HEAT-T-300 (E54) 
True Elevation 

• ♦ 

Ammunition:  HEAT-T-300 (E54) 
Elevation for Slant Range Based 
upon Zero Height Elevation 

Ammunition:  HEAT-T-300 (E54) 
Total Elevation Equal to Angle of 
Site Plus Zero Height Elevation 

Ammunition:  HEAT-T-300 (E54) 
Error of Total Elevation when 
Computed as Angie-of-Site Plus 
Zero Height in Elevation 

Ammunition:  HEAT-T-300 (E54) 
Total Ele/atfon equal to 
E0 Cos (E0+S)+S 

Ammunition:  HEAT-T-300 (E54) 
Error of Total Elevation when 
Computed as E0 Cos (E0+S)+S 

Ammunition:  HEAT-T-300 (E54) 
Total Elevation Equal to 
E0 Cos (E0+S+3°) 

Ammunition:  HEAT-T-300 (E54) 
Error of Total Elevation when 
Computed as E0 Cos (E0+S+3°)+S 

I 
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MATH DATA SHEET 

Tab! P  I 

1  Height Range Range Range - Range 

1 1000   j 2000 3000 4000 

1 
!i  -.00 -0.1 -0*. i 0 -0.1 

I 
1     0 0 U j 

r- 

1 I   5°° 0.1 C.l \J  •   M ,. 

1 • 

., 1000 0. ] 0. J 0.1 

1 
| £500 0 . i 0.1 

1 
' 

! 

L 1 I i 

! ■-   i   .i.^aca 1 ■       1    3S= 1 — 'il'l.i' 
BELOCK  INSTRUMENT CORP.   FORM  MDS0356 
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MATH DATA SHEET 

Pfl ah! e _2_ 

i Height Range Range 
1   IJ..I   -    —«   .■» 

Ran*e    1 
1000 2000 3000 4000         s 

I    ~700 
-617.92 -331.90 -2O9.OI -121.70 

1    ~6o° -546.39 -285.97 -I76.9O - 97.56 

1    ~r)0° -468.27 -238.74 -144.32 -   7^.20 

I    -1100 - 38 3.6 3 -1QO. 37 -21 .3*5 - 4S.6? 
;i   -3i00 -2Q2.96 -141.04 -   78.05 -   23.80 

-200      * -.197.18 - QO.o6 )| J|      ilQ 1 . 1 3 

-100 -   97.65 - 40.36 -  10.74 26.31 

0 3.87 10.51 r; i    r ' 

100 105-29 61.39 57.02 7o • 84 
200 204.95 L12.04 90.88 102.17 

300 300.78 162.20 124.62 127.51 

40Q 391.52 211.-66 138. : ' 152.83 
500 "476.25 260.19 191.47 178.09 
Ö00 554.52 307.61 224.49 203.27 . 

700 626.21 353.76 297.03 228.33 I 
800 691.49 398.',:: •28 9.17 253.26 I 

•     900 750.72 441.78 278.02 

1000 804.25 48 $.48 351. 95 302.59 
I        I   1100 )2 3-.56 •3Q2.50 326.96 I 

1200. 562.02 412.44 351.10 

1 300 ,M       ~ . 44i .7=, 37*1-00 

1400 398.6 3 

1300 -98.39 921. 38 

1Ö00 625.69 445.09 I 
1700 KCLO     "3f> J 
18pQ :.7d.,22 4QO.?0 1 
1.900 60j.4b 512.48 
2000 628.02 534.35 

2100 6-1.01 W^Q"1 1 
2200 C'"''   ..1 • 977.16 I 
2300 ROfl.10 1 

■ ir    |, — 

BELOCK INSTRUMENT CORP.  FORM  MD80356 



MATH DATA SHEET 

rp-:i V £cLJ >le  3 

1    H« 1 yh f. Rangn P/ängp      ! Rung« R.-jnj/r- 

1000      S 2000 3000 4000 

Hl 

11 -~°° 5.11 11.54 24.63 54 . 1 4 

1 -6o° 4.79 11.30 24. 22 5 1.46 J 
1 ~"'°° 4.49 11.07 23.88 52.86 

I _i+oc' 4.26 10.37 23.62 52.39 

1 " ^00 4.09 10.71 23. 'J.Q 52.01 

1   -200 3.9b 10.60 23.24 51.75 

I   -"'00  '• ^.89 10.54 2 5.15 51.58 

Hl       o 3.86 10.51 23-11 51.54 

100 Ö.8Q 10.54 23.15 51.58 

200 -.96 10.60 23.24 51.75 

300 4.09 10.71 2^.39 52.01 

400 k. 26 10.87 2 3. 0 2 52.3'/ 

500 •;+. 4 3 1] .07 25.88 52.66 

6 00 4.7g i 1   ^n 24,2? 53.46 

700 5.11 -: 1 • 59 24.63 5M • 14 

300 5.42 -]  -1 •   (~}C 2*5.07 54. ... 

900 . 5 • 30 •12.3^ 25.66 RR   AP 

L 1000 •5.24 12.77 2c. c8 56.86 

1 llpO i~ . 24 26.97 58.01     • 1 
H 

1200 13.76. 27-78 59.30 I 
1 -'00 14. Vi 28.67 60.69 

1400 . 29.62 62.21 
[ 1500 30.69 0 3. M 

1600 - *.02 65.72 

1700 - -.. 26 67.74 

1800 34.80 69.66 1 
IQ 00 3,6.24 7A       -1  t~r J 

L 200.0 ,7.66 74. S - 

1 2100 SO. 44 f f . -tu 

2200 41.51 80.17 
2300 A 3   01 o .5 . c 1 

L= ' *ntu i".i. TT.'gir 
■ CLOCK  INSTRUMENT CORP.  FORM  MD903SÖ 



MATH DATA SHEET 

I   Heif-ht Karate Ratoce RariÄe Ranee 

1000 2000 sooo 4000 

!|    -700 -6iö.97 - 531 • 35 -208.80 -122.32 

1  -u0° -545.67 -285.58 -176.85 -  98.20 

R  -''IOJO -•467. ftfl _?3R.4h -1 hU . 3 * -   73.81 
II hr\r\ III —-t-<j\j -190_20 -111.37 -   49.13 

II   -300 -202.7) -140.93 -  78 . 1 ? -   24,24 

S?|    -°00 -197.11 -   90.02 0.86 

1! -lo.j -    17.63 -   40.35 —   ^ 0   7 ) 20.12 

3.86 10.5-1 07?   "1 " 51.54 

100 105.41 61.43 57.09 IT . 04 

200 205.03 112.12 •1 .: 102.64 

" 300 300.97 162.37 .   -.       '   •      ' j 128.26 
cr U ü 301.8-, 11.Oil 158.61 :;  3.91 

500 260.60 192.0 l 179.5' 

oO1. 555.2r -08.18 O' ^ r: 205.12 

627.:, 9 :-■■■: .. 0.60 
800 692.71 399.54 ■ ■:. ,   . --fa 

900 PS2.24 - ■ -t   *  . 28..21 

1000 806.24 485.04 - r • U 4, ^06. 39 

1100 

1200 . 564.22 -S6.18 

1300 380.77 

1400 474.37 405-15 

!   1500 :.    J.   .'0 ' T t .     ;   i      ";   { 

fl   1600 .   ,2.08 

1700 

1800 5OO.56 

1900 611.29 23.87 

2000 636.6O 547.10 

2100 R69   7'3 j 

I   2200 • 592.37 

v)l4. 74 f 

■ ELOCK  INSTRUMENT CORP    FORM   MD6035G 



MATH DATA  SHEET 
„ _ _ ,—  ~_L_ 

Ta ble 5 

I Reicht Ran,ce Rurige Range 

1000 2000 töOC 4000 

[ 
I ~700 

+0.95 f0.55 + 0.15 -O.62 

1 -600 +0.72 +o. ao -O.62 

1 -500 +0.39 +0.28 -O.61 

1 -400 +0. 30 +0.17 -0.02 -0.51 

1 -300 +0.J7 +0.09 -0.06 -0.44 
j -200 +0.08 +0.04 —0.07 - 0. 3 3 
I -100 +0.02 +0.01 -0.1<5 

1        ° -0.01 0.00 0 . 00 0.00 

'    100 0.04 .07 0.20 

I   200 0.08 0.06 0 .   -i. O 0.47 

I    ';C0 
0. IQ 0.17 0.29 0.75 

1   400 0. - -. 0.28 0 44 . Ofl 

500 0.5 i 0.41 
6 oc 0.73 0.57 0.8 ,i   gc 

700 0.96 0.77 

500 j   22 1 .02 

900 1.52 I 1000 T        [    , .:. 00 a, 80 

r 1100 1.68 2 • nS 

L 1200 2t 20 c   oft 

1300 c   -7-7 

1400 r 1500 

l600 0^39 9   2 h 

1700 

1S00 :'.0'r 10. ?6 

I -00 7.8^ 11. •, • 

2000 >.    .   .: 

1 oi on 1'     J -,.'.,' IT    fl5 

1 2200 10-.6*5 1 C     O "I 

1    l?A00 
; 16.64 ! 

f 1 

P*I   i    j" , 
■ELOCK INfTHUMtNT CORP.  FORM  MDSOS56 



MATH   DATA  SHEET 
11                 1       — =    1  

Table  6 
    ■     1 

  

1   H^lghT Hanse Hange Rarwe Hanse 
Ijj           • 

1000 2000 3000 4009 

-700 -617.33 -33I.96 -209.38 -122.72 

-6OO -546.34 -286.02 -177.23 -   98.45 

-■ ion -468.35 -236.76 -.44.57 -   73.95 

-383.63 -no. 30 -111.51 -   49.19 

- 930 -292.96 -141.05 -   78.20 -   24.25 

Hi     —2ÜG -197.18 - 00.90  1 -  44.58 0. ob 

HJ     -100 - 97.6$ 
. 

-   :..:■. •' ■ 26.10 

3.86 10.51 - 3 • 10 51.47 

1        i0° 105.39 61.41 57.05 76.39 

200 204495 112.06 10. ' -o 102.38 

1        .300 300.7? 162.23 j s**-*      !   ' 107    er, 

400 301.64 cJLl.il 159. ■:•: .4   - . iO 

500 476.28 260.24 191.': ' 176. "'1 

cOO 354.56 3O7.67 224.70 104.04 

• '7 f> f\ 626.25 353.84 Pc7    ■ • '229.22 

800 691.51 398.63 284.91 254.24 

400 750.73 441.89 9 .   • 274.12 
] 000 804.39 ,33.62 352.44 303.34 

L100 S23.72 - -,.04 328. 34 

1200 5Ö2.16 413. _ '■ 442. 59 

.1300 5 19.02 476.58 

1         1    1400 400.2 • 

1                1500 ■. 2 ■ '  —        •    .    . 
1 

l600 527.     ■ 44£ . Ql 

1700 .  ic 469.S 3 

IS 00 :' ,••>:'7 .'c •' 

1  1900 
004.98 914.5 3 

2000 629   48 ■, so. 56 

1     2100 .  .. -f 557.95 

I     2200 676.79 474.1 ) 

1     2300 600.04 

—r- ■                 

IELOCK  INSTRUMENT CORP.   FORM   M09O356 
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MATH DATA  SHEET 

le   7 

i ■ 
1      H.-'L-ht. R-in^r Ranfo Range R a rig o 

L0O0 2000 4000 

Ill     —TOO -0. 04 -0.06 - 0 . 3 7 -1.01 

1    "L°° -0.05 -0.03 —0    ■ 1 -0.87 

'!\        -500 -0.08 -0.02 — 0 . 2 5 -0.7^ 

In         ^-00" 0. 00 -0.02 
o 

- 0 . i.', _ 0    17 

- -.00 0.00 -0.01 n   1! L~ 

-200 0.00 ' 0.! 00 —0 • 0 Q — O             "'     ^ 

111         "i r\r\ 0. 00 0,00 -0.05 -0 .        1 

L- . 0-J. C    f i p _0.03 - - • 07 

100 0.00 0.02 0.02 0.05 

0.00 0.02 0.21 

0.0. C\       - ,' 

-T V'O 
r\    r\^~ 

"^00 0.0; 
.-.      -~)r\ 0 6 l 

6 00 0.04 0.0'.' r    -;. 0.77 
:    V.'    J v_; . Uh- ^  •  ^J **7 

£00 0.03 0. 

-  1000 0.0^ w1 . J ■ 4 1.49 - •    - 

1200 .. ~, 

l'-»00 .. 

1400 r <\~ 

1300 

~t      Qp 

"1  7AA 

II     1800 

1^00 

' f     2000 2.21 

1     210° . 58 3 . 0 i 

1     2200 : 

8     2300 1 . 54 

J - 

1 1 
BELOCK  INSTRUMENT CORP.  FORM  MDS0356 
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MATH DATA  SHEET 

'T:ib!„   -. 

1     Vu-1 gh t Rango R.lti^t.. Range 

1000 2000 0000 4000 

1                     J 
>';    -TOO -617.73 - 331.78 -122.04 

i';       -600 -046.22 -285.87 -174'.0'. -    .'8 . 25 
II]      _400 -08 0.00 -140.00 -111.4-1 -  4 -). i'-, 

I        :o° -1^7.10 -   90.q« -   44.Oo n.7Q 

':        o 3   8r> 10.49 --i • 05 01-27 

1    20° 204.oc 111.98 )0.8J 102.03   1 
II     400 391.45 211.57 158.10 152.95 

o00 1 > " ■ -;     ' i ^07.47 .  ".  • 20-3.4J 

800 691.32 3 '8. j8 289.1] 253.47   1 
1000 804.10 4S3. -,0 '/ -1   « 7 ~r ^02:88 

1200 561.77 412.48 -.51.45   1 
1400 470.  •:■ 
l6O0 5 2D . 71 44   .   -- 
1800 490.03 

2000 .    .   ■■ ;. 34 . 48 
I     -200 67' ■ ■ 

2300 
:   ■   ■    ' 

! 

1 

. * 
BELOCK   INSTRUMENT CORP.   FORM   MDSOSSf 



MATH DATA  SHEET 

rrij. }-v "1   <3      Q 

ill    Hei jjnr Range       ! R-.nge RariA-c Range 

1000 2000 100 ü 4000 

~ ( \JKJ "I Q 12 3_i_ ■- . V 4 

-o00 17 10 _       1    "i - .67 
— M-00 08 07 T   ,   0Ö --. 51 

-200 .0 -s . —   07 -.40 
v^ 

— * i J d. _. 02 —   De —   27* 

2 Öd - . 00 06 07 ■I h 

|         40Q - .07 OQ — »■•./ 0 

600 1 - n )! 

I         300 -    1 7 _ .           1 

i'i       TOGO -. 50 . 18      • - .01 
; . 25 o. 

1400 -. 2 

■ i     ,ßoo OP . 2Q 

18 

'!       2000 1 3 

II       0200 
.: l00 

r 
1 

1 1 » 

! 

1 ! 
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